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[A¥ 3] NSF 61(7) = =49 A<tA 7] # National Sanitation Foundation)

NSF International

RECOONIZES

|CS PENETRON INTERNATIONAL LTD.
Facility: ALLENTOWN, PA

AS COMPLYING WITH NSFANSI 61 AND ALL APPLICABLE REQUIREMENTS,
PRODUCTS APPEARING IN THE NSF OFFICIAL LISTING ARE
AUTHORIZED TO BEAR THE NSF MARK,

B
s

Y

Jaby 13, 2000 Duvid Parkiss, General Masager
Cornficates (O3 - 01 W Disrbution Systems
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[AH 4] CE AFAH (FHAT<KEU>FT ¢ A AZF Communaute Europeenne Marking)

T CER

P T S T P

Certificate of Factory Production Control
1085-CPD-0040

Products and systems for the structural and non-structural
protection and repair of concrete structures

PENETRON
PENECRETE
PENETRON PLUS
PENEPLUG

ICS Penetron International Ltd.

45 Research Way, Sute 203
11733 East Setauket {New York)
USA

Allentown (Pennsylvania) / USA

W onhievilkie w
thatiahg eliliag |
AN s CeeTion oFf 1w La
A EVER Gno e el
they ateed’ Wi == fact bsth

EN 1504-3:2005

CERTIFICATE
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[FH 5] ISO 14001:2004 (374 &7 AF)

& sr

American Systems

REGISTRAR
5281 Clyde Park Ave. SW, Suite 1
Wyoming, MI 49509 USA
www.asrworldwide.com
616-942-6273

American Systems Registrar, LLC, a provider of third-party system registration and
accredited by the ANSI-ASQ National Accreditation Board for Registrars of Environmental
Management Systems, attests that:

PENETRON / BLEND-PRO

PENETRON BLEND-PRO

45 RESEARCH WAY — SUITE 203 601 S. 10™ STREET
EAST SETAUKET, NY 11733 ALLENTOWN, PA 18103

with a scope of:

FORMULATING, MANUFACTURING AND MARKETING OF
SPECIALTY PRoODUCTS FOR WATERPROOFING, CONCRETE
PROTECTION, FLOOR PROTECTION, CONCRETE RESURFACING
AND MOISTURE MITIGATION PRODUCTS

has established an environmental management system that conforms to the Environmental
Management System Standard

ISO 14001:2004

ASR Certificate Number: 5080

Date of Certification: January 1, 2013

Date of Certification Expiration: December 31, 2015

Date of Initial Registration: January 1, 2013 Q .

Revision: chelle qu

President

CERTIFICATE OF REGISTRATION
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) SETSCO SERVICES PTE LTD

SETSCO 18 Teban Gardens Crescent

Singapore 608925

Tel: (65) 566 7777

Fax: (65) 566 7718
Website: www.setsco.com

Our Ref: A6127/CHF Date: 25/10/02
TEST REPORT Page 1 of 4

(This Report is issued subject to the terms & conditions set out below)

MICROSCOPIC ANALYSIS ON THE CONCRETE
CORES FROM RETAINING WALL
AT CHANGI AIRPORT TERMINAL 3

Prepared for:

REVERTON ENGINEERING (S) PTE LTD
605A MacPherson Road #06-02
Citimac Industrial Complex
Singapore 368240
Attn: Mr. Gary Loh

Report prepared by:
Chen Hong Fang
Senior Engineer
Construction Technology Division

Report reviewed and approved by:
Wong Chung Wan
Divisional Director

Construction Technology Department

Terms & Conditions:

(1) The Report is prepared for the sole use of the Client and is prepared based upon the tem submitied, the Services required by the Client and Ihe conditions under which the Services are performed by SETSCO. The
Report is not intended to be representative of similar or equivalent Services on similar or equivalent ltems. The Report does not constilute an endorsement by SETSCO of the ltem.

(2) SETSCOagrees lo use reasonable diligence in the performance of the Services but no warranties are given and none may be implied directly or indirectly relating to the Services, the Report or the facilities of SETSCO

(3) The Report may not be used in any publicity material without the written consent of SETSCO.

(d) The Report may nof be reproduced in part or in full unless approval in writing has been given by SETSCO.

(5) SETSCO shall under no circumstances be liable to the Client or its agents, servants of representatives, in contract, lort (including negligence or breach of statutory duty) of otherwise for any direct or indirect loss or
damage suffered by the Client, its agents, servants or representalives howsoever arising or whether connected wilh the Services provided by SETSCO herein

_28_



A6127/CHF Page 2 of 4

1. INTRODUCTION

Cracking and seepage of water on the retaining wall at Changi Airport Terminal 3 was
reported by Reverton Engineering (s) Pte Ltd (herein refers to as the Client). SETSCO has
been engaged by the Client to carry out laboratory analysis to determine the crack width and

crystal growth in the crack on the concrete cores extracted from the said structure.

The proposed basement was constructed with three sides of wall, labelled as wall 1-3 in this
report (refer to figure 1 in Appendix). Thickness of the wall was about 600mm. PENETRON
waterproofing admixture was said to be used in the concrete. Water leakage was found along
the crack line and tie pin after backfill. However, the water leakage has been stopped on wall
1, which was cast somewhere in 2001. On wall 3, water leakage from the tie pin or crack was
noticed during extraction of cores on 05/10/2002. Sign of efflorescence was found on all
three sides of the walls. Most of the efflorescence emanated from the tie pins, but cracks with
some sign of efflorescence were also noted at some areas (Refer to the photographs in

Appendix).

A total of three core samples were extracted from wall 1. Samples S1 and S3 were extracted
from crack area while sample S2 was taken at the tie pin. During extraction, the cores were
drilled to a depth of 400mm but due to the presence of reinforcement, the length of the core

S3 removed was only 240mm.

2. MICORSCOPIC ANALYSIS

The microscopic analysis was performed on a ground section using a stereo microscope and
metallurgical microscope and on a thin section with a polarising and fluorescent microscope
(PFM) under transmitted and reflected light. For preparation of the ground section, a small
block of the sample was cut and ground to attain a smooth finish. For preparation of a thin
seqtion, a small concrete block was sawn from the core sample, glued to an object glass and
impregnated with an epoxy resin containing a fluorescent dye. After hardening of the epoxy,
a thin section with a surface area of approximately 33 x 63 mm and a thickness of 20-30um

was prepared for PFM analysis.

_29_
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A6127/CHF Page 3 of 4

Under transmitted light, the various components (type of cement and aggregates), air voids
content, compaction pores and damage phenomena in the samples were identified. Under
reflected light, the fluorescent microscopy made it possible to study the homogeneity of the
mix and the cement paste, capillary porosity, microcracks and other defects in the samples.

Scanning Electron Microscope (SEM) and Energy Dispersive X-ray (EDX) Analysis
technique was also applied for semi-quantitatively analysis of the element composition of the

crystals present in the crack and topography of the crystals.

In summary, SEM utilises a beam of electrons in a vacuum environment to form an image of
the surface topography of a sample. Such magnified images are characterised by a high level
of resolution and good depth of view. The characteristic X-ray emitted from the sample
surface upon being irradiated with the electrons are then analysed using an EDX
accessory/detector that is coupled to the SEM, allowing evaluation of the % elemental

content at the irradiated areas/spots on the sample

3. RESULTS

i) Visual examination

The length of the cores varied from 240mm to 310mm. Crack perpendicular to the surface
was noted in samples S1 and S3. The width of the crack ranged from 0.04mm to 0.3mm. The
paste matrix appeared light grey in colour while the paste matrix was noted to be generally

light grey.

Thin sections were prepared at the top of sample S2 and end of sample S3 for further
microscopic analysis. Stereo microscope and SEM-EDX analysis were performed on sample

S3 to determine the presence of the crystals in the crack and their elemental composition.

ii) Microscopic analysis
Under stereo microscope, a lot of coarse-grained elongated crystals were seen lining the

crack. Thin section of sample S3 showed that coarse-grained elongated crystals and fine-
grained needle-like crystals in the crack. All these crystals showed low birefringence under

crossed polarised microscope.

_30_
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A6127/CHF Page 4 of 4 (
Further scanning electron microscope and energy dispersive x-ray analysis was performed on )
the crystals present in the crack. The coarse-grained elongated crystal (BEI image in
Appendix) contained mainly Calcium (Ca), Oxygen (O) and Silicon (Si). The fine-grained
needle-like crystal was predominantly made up of Calcium (Ca), Silicon (Si), Oxygen (O),
Sulfur (S), Aluminium (Al), which was probably ettringite (C,AS;H,,).

Well-formed CaCO3 crystals were present as laminated texture on the surface of sample S2.
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Wall 2

Wall 3 Wall |
Figure 1: The layout of the retaining wall
Casting date of extracted cores
Sample reference Date of cast
S1 19/12/2001
S2 19/12/2001
S3 06/08/2001
APPENDIX - 2
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A crack connecting with tie
pin with sign of efflorescence
was observed on wall 1.

Sign of efflorescence was
found along the crack line on
wall 1.

APPENDIX -3
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Sign of efflorescence with water marks were noted on wall
35

Close view of the sign of efflorescence accompanied with
water marks were noted on wall 3.

APPENDIX -4
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Brownish staining with water
leakage was on wall 3.

The location of sample S1 extracted at the cracked area
on wall 1.

APPENDIX - §
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A 75mm diameter core containing a crack at wall 1 was
extracted for laboratory analysis.

A crack perpendicular to the exposed surface was seen in
core S1.

APPENDIX - 6
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Core S2 was extracted at the tie pin on wall 1.

Relative thick whitish substance was on the surface of
core S2.
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Sign of efflorescence was found along the crack line
where core S3 was taken on wall 1.

A crack perpendicular to the exposed surface was seen in
core S3.

APPENDIX - 8
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Sample S3: Some crystals grew in the crack.

Sample S3: Abundant coarse-grained crystals in the crack.

APPENDIX -9
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Sample S2: Laminated CaCO3 crystals on the surface of
the concrete. The width of the field is 3.88mm under
plane light.

Sample S2: Laminated CaCO3 crystals on the surface of
the concrete. The width of the field is 3.88mm under
crossed polarised light.

APPENDIX - 10
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Sample S3: Coarse-grained elongated crystals and fine-
grained needle-like crystals were lining the crack. The
width of the field is 3.88mm under plane light.

X468 S68msm BEBA

Sample S3: Backscattered electron image (BEI) showed
some crystals was in the crack.

APPENDIX - 11
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Sample S3: Backscattered electron image (BEI) showed
elongated crystals and fine needle-like crystals in the

crack.
Counts
30000~ cﬂa
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| |
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Energy (keV)

EDX spectrum of elongated crystals in the crack.

APPENDIX - 12
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Xz, za

Sample S3: High magnified view of needle-like crystals
in the crack.

Energy (keV)

EDX spectrum of needle-like crystals in the crack.

APPENDIX - 13
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Sample S3: Secondary electron image (SEI) showed
coarse-grained flaky crystals in the crack.

Sample S3: SEI image showed the crystals in the crack.

APPENDIX - 14
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Certificate no. 37/2005 page 1 of 4

Bologna, 29 June 2005

M and Admini ion
Piazza Porta S. Donato, 1

Tel. 051.209.4900 - Fax 051.209.4904

University of Bologna
Department of Earth, Geological
and Environmental Sciences

Dr. Giorgio Gasparotto

Piazza di Porta S. Donato, 1
1-40126 Bologna, Italy

E-Mail: gaspar@geomin.unibo.it

Certification not subject to tax duty inasmuch as it refers to a non-institutional activity (under the terms of
Presidential Decree DPR 642/72 arts. 3 and 4 and paragraphs 1)

Client:

DITRON S.r.lL

Via Rua Muro, 62
41100 Modena (MO)

For the Attention of:
Dr. Bonatti

Subject: Verification of resistance to chemical attack on ten (10) cylindrical concrete test
pieces made on your behalf at the Laboratorio del Consorzio Cave (Quarry
Consortium Laboratory) of Bologna.

Please find enclosed the report regarding the verification of resistance to chemical attack as
stated in the subject, commissioned on your behalf by Dr. Giovanni Rabachin — via G. Breda,
6 — 35040 Vescovana (PD), in his letter of request of 4 April 2005.

The report consists of 4 pages, this page included.

Yours sincerely,

The Analyst The Head.of Department
Dott, Giorgio Gasparotto Prof. Pfier rﬂ{igigRossi

e o 4
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Report on the resistance to chemical attack conducted on a total of 10 cylindrical

concrete samples

On 4 April 2005 ten (10) cylindrical concrete test pieces, divided into two batches, each
consisting of 5 pieces, were delivered to the writer by Dr Giovanni Rabachin;

1* batch: “Concrete B” — defined as white, i.e. concrete made without adding PENETRON
ADMIX

2" batch: “Concrete PA” — defined as concrete made adding PENETRON ADMIX in
percentages of 2% weignt Of the weight of the cement.

The table below shows the declared composition of the concrete used for making the test

pieces:
INGREDIENTS Concrete “B” Concrete “PA”
Kg | 1 Kg | 1

‘W/C Ratio 0,45 0,45
Ptl cement 42.5 R 400 130 400 129
Water 180 180 180 180
Sand 0-3 mm 780 290 780 290
Gravel 3-8 mm 590 220 590 220
Gravel 8-12 mm 400 150 400 150
Superplasticizer 10 8 10 8
Entrapped air 22 19
PENETRON ADMIX / / 8 3
TOTALS 2360 1000 2368 1000

The test pieces were made at the Laboratorio del Consorzio Cave (Quarry Consortium
Laboratory) of Bologna and cured there for 28 days in a climatic test chamber at 20 + 2°C and
95% + 3 RH. They were then conditioned in air with a RH of 65% + 3 at a temperature of 20
+ 2°C until a constant density was reached, evaluated by 2 weighings carried out at 24-hour
intervals and with a difference in density inferior to 0.1%.

We were requested to verify the resistance to chemical attack of these samples using solutions
containing different hydrogen ion concentrations.

To this end, we adopted the types of chemical solutions and applied the time intervals used by
"SHIMEL and SOR TESTING LABORATORIES, INC.", utilizing 5 chemical solutions and
carrying out the observations after 7 and 28 days of exposure.

As regards methodology, we used the methods laid down in the Standards UNI no. 7928 and
no. 8619 respectively - “Concrete: Determination of penetrability of Chloride ions and

Sulfate ions".
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In figure 1 below, the diagram illustrates the operating methods applied.

|
|

Solutions with
different hydrogen |
ion concentrations |

from 100 to 300 mm

i
i
S, ‘
1
|
i
|

L y

|
|
|
|

from 50

< > «

to150 mm

¢

polyethylene

T tube

>

30 mm xapprox. 50 mm

<

____concrete core

paraffin

+ coating

approx. 5 mm

For the visual evaluation of chemical resistance, we applied the terms laid down in the

Standard UNI EN ISO 10545 — 13/7, “Determination of chemical resistance - unglazed

tiles”.

_47_



Certificate no. 37/2005 page 4 of 4

Results of the observations:

The table below shows the resistance classes drawn up according to the criteria laid down in
Standard UNI EN ISO 10545 — 13.

Resistance class

Resistance class
“Concrete PA”
Test solution used “Concrete B”
concrete + PENETRON
WHITE concrete
ADMIX

TYPE of | Solution with Observations | Observations | Observations | Observations
solution pH after 7 days | after 28 days | after 7 days | after 28 days

HClgy 3 UHC UHC UHA UHB
HoSOu4: 3 UHB UHC UHA UHA
HClgi + 4 UHC UHC UHA UHB
HoSOu4il

CaCl, 7 UA UA UA UA

NaOH 11 ULA ULA ULA ULA

CLASSIFICATION - Legend
U = unglazed working surface
G = glazed working surface
L = Low concentration chemical products
H = High concentration chemical products

Class A No Visible Effect

Class B Visible Effects on Cut Edges

Class C Visible Effects on Cut Edges and Penetrating into the Surface
The Analyst The Head of Department
Dott. Giergio Gasparotto Prof. PiermariaTuigi Rossi

/ {,‘q oo {ﬁwéfw" 7 /
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APPENDIX

Ihe picture of control martars soaked into H.S0, Tor 60days
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Fhe picture of Penetron Admix modificd mortars soaked into LSO For 60days
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[43% 8] Y4 H2E 2 EEIPT)

PENETRON L

Instituto de Pesquisas Tecnologicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32
at
IPT (Technological Research Institute of Sdo Paulo State), Brazil

TOTAL C 0ONGRETE PROTEGTII ON

I EN E I RON° I
Instituto de Pesquisas Tecnolbgicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

rAppIied water pressure: I
| ¢ Istand 2nd day: 0,1MPa I
e 3rd day: 0,3MPa |
e e O e o R
R N T T
Cement consumption CPII-E32 350kg/m?*
Compressive strength 20MPa
Fine sand 388kg/m?
Course aggregate 0 421kg/m3
Course aggregate 1 632kg/m?
Water 192kg/m?
Superplasticizer 0,3% to 0,4%/m3
Slump test 90+10mm
w/c ratio 0,54
Penetron Admix 1% by weight of cement

TO0OTAL C 0O NCRETE PRODODTEECTI ON
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PENETRON IPT

CONCRETE WATERPROO Instituto de Pesquisas Tecnologicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

) 1 week after start of water pressure

TOTAL C 0O NGRETE PR 0T EEBTI TN

PENETRON IPT

Instituto de Pesquisas Tecnologicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

2 weeks after start of water pressure

TO0OTAL C 0O NGCRETE PR OTETGCGCTI DN
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PENETRON i

Instituto de Pesquisas Tecnoldgicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

3 weeks after start of water pressure

TO0OTAL C 0O NGCRETE PROECTEGCTIDRN

PENETRON IPT

TNTEQRAL CAPILLARY CONCRETE WATERPROOFING STSTEMS Instituto de Pesquisas Tecnolégicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

4 weeks after start of water pressure

TOTAL C 0O NGRETE P ROTETGCTI DN
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PENETRON IPT

s | C
[ TNTEGRAL CAPILLARY CONERET Instituto de Pesquisas Tecnologicas

Penetration of water under pressure — NBR 10.787/94 (April 2007)
Concrete: CPII-E 32

4 SEMANAS DE INDUGAO

i

I O C 0O NGRETE FPRDODTEGTILON

PENETRON

Studies on Self-Healing Behaviour

at
MFPA Leipzig GmbH, Germany

sealing on the side

T 0TAL G ONG CHRETE PR OTEGTI ON
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PENETRON -

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

Concrete mixture for self-healing test

o R R R

Type of cement CEM132.5R

Proportion of cement 330kg/m?*

Aggregates Sand 0/2; Gravel 2/8; Gravel 8/16
w/c ratio 0.5

Additive 3.31/m?

Penetron Admix 1% by weight of cement
Apparent density 2.35kg/dm?

Strength class C30/37

TOTAL C 0O NGCRETE PROTEGTI O N

PENETRON E!

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

manometer waterpressure

pressure plale‘g gikfyarr m Specification

Concrete C30/37 with 1% Penetron Admix
- Test age Approx. 28 days

crack Test liquid ~ Tap water (from the local network)
Crack width ~ 0.2; 0.25 and 0.3mm
Crack length  20cm

L PR &

support Flowthrough 50cm
length

catch vessel Water 0.1 bar, 0.5 bar, 1 bar (Im, 5m, 10m
pressure water column)

T 0T AL C 0O NCRETE P ROTETCTI O N
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PENETRON —

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

Flowthrough at w = 0.2 mm

@
Q
=]

Flowthrough [cm?/h]
8 8 &8 8 8 3
o o o (=] o o

Q
(=]

0 10 20 30 40 50 60 70 80 90 100
Time [hl

TO0OTAL C 0ONGRETE FRODTEOSTI!I DN

PENETRON

(NTEGRAL CAPILLARY

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

Flowthrough at w = 0,25 mm

800 ——————— » - o
700
— 600
=
§ 500
5 -8 0,1 bar
3 400 +-0,5 bar
£ 800 ©-1,0 bar
H
w
200
100 = T‘Qé’b‘:’o' T e o,
' N o5 o
0 R e S S S e
30 40 50 60 70 80 90 100
Time [h]

TOTAL C 0O NCRETE P ROTEGCGCTI ON
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EAPROOH NG SYSTES

PENET

(TEGRA

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

Flowthrough at w = 0,3 mm

2500 - —
2000
~— A
£
® -2-0,1 bar
L, 1500
ik -+ 0,5 bar
=]
3
g 1000
3
2
ey
500
0 yf,mf_‘,, — - " = oo
0 10 20 30 40 50 60 70 80 90 100
Time [h]

TOTAL C 0O NGCGCRETE P ROTETGTI!I ON

PENETRON bt

INTEGRAL CAPILLARY CONCRETE WATERPROOF NG STSTEMS.

Studies on Self-Healing Behaviour (MFPA Leipzig, Germany)

Initial flowthrough ga (dm3/h)
Width of crack
p=1 mWS (I=2) p=5 mWS (I=10) p=10 mWS (I=20)
0.48 2.4 1.8

w = 0.2mm calculated

w = 0.2mm test readings

with Penetron 03¢ 2% 0.0
w = 0.25mm calculated 0.93 4.6 9.3
w= 0.2§mm test readings 0.25 073 014
with Penetron
w = 0.3mm calculated 1.60 8.0 16.0
w = 0.3mm test readings 017 24 ko

with Penetron

T 0T AL C 0O NCRETE PROTETCTI DN
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PENETRON Demonstration of

crystallization time

starting condition after 3 days after 15 days

Penetron Control Penetron Control Penetron Control
second start 17 days 24 hours after the 4 days after the
after first start d sta

second start

AT
A

Penetron Control

Penetron Control Penetron Control

TO0TAL C 0O NGCGCRETE P ROTETGTI ON

PENETRON Penetron’s crack sealing

PENETRON

treated

T 0T AL C ONGCGRETE FPRDTE QG I LalaN
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